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Heading B5A. [Also in Division E1] A nailable building panel comprises a 
lightweight core 3 of aerated, lightweight aggregate concrete integrally connected 
with surface layers 5, 5<SP>1</SP> of dense concrete reinforced with 
fibreglass 1, steel or aluminium mesh 4, 4<SP>1</SP>, the dense 
concrete comprising hydraulic cement with less than 50% dry volume fine 
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The mould may be lined with polythene and polythene placed over the top layer 
and the panel allowed to cure for 24 hours. 
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COMPLETE SPEOFICAllON. 

ImproTemaits in or relating to Stmctoral Panels. 



T,^; ^^S^ Edward Dinkel, a citizen of the 
Umted States of America, of 459 North "D" 
Street. Hamilton, Ohio, United States of 
America, do hereby declare die invention, 
for which I pray that a patent may bs 
granted to me, and the mediod by which it 
IS to be performed, to be particularly des- 
cnbed in and by the following statement: — 
This invention relates to a structural panel 
suitable for use in construction of structural 
units, for example walls particular]^ where 
high moisture conditions are encountered. 

In the construction of building walls ex- 
tensive use Is made of preformed panels or 
15 sheets such as fibreboard. plasterboard, 
foamed plastics-paper laminates, and con- 
crete. For example, large amounts of 
plasterboard are utilized as a base for a 
plastered wall: the sheets are nailed or 
fastened by other means to the studding and 
subsequently plastered. In a less expaisive 
and more rapid method of building, certain 
types of plasterboard are employed in so- 
called "dry wall" construction: after the 
panels are attached to the framing, the joints 
are then taped, filled and smoothed, ready 
for painting. 

In other phases of building construction a 
much more waterproof and durable type of 
panel is required; for example. In the con- 
struction of exterior walls of nonresidential 
structures, after the steel or other type of 
framing is erected, curtain walls are formed 
by attaching various types of panels such as 
metal or glass units. 

Moulded panels of concrete have not 
found wide use on vertical portions of build- 
ings (although employed as floor base and 
roof decks) because of their considerable 
weight and their poor flexuial strengtii in 
thm sections. There exists a considerable 
need for thin, lightweight, strong, waterproof 
panels of moulded concrrte. Waterproofiaess 
lPme4s.6d.] 



is important on such exterior applications in 
order to prevent weathering or erosion, in 
order to prevent transmission of moisture 
and m order to provide a base to which 
other panels, facing, signs, or the like can 
be attached without the bond between the 
base and such panels or the like being 
affected by moisture and thereby weakened! 

Concrete is a very useful material because 
of the low cost of the mgredients, and its 
low pickup and low transmission of moisture 
and water. However, concrete, in thin sec- 
tions, when not reinforced, is brittle and 
cannot be handled readily in thin panels 
without substantial breakage. If a workman 
f^S'i?!^ J° ^^}. ^ concrete panel which is 
^ .« ^° picking up one end, the 



will break into pieces. 
. In yet another area of construction, there 
is a real and substantial need for a precast 
hghtweight, strong concrete panel. The con- 
ditions which exist around a shower en- 
closure or a bathtub call for a panel that 
Is not adversely affected by moisture. Ordin- 
ary panels such as, for example, those used 
m dry wall, gypsum board construction, are 
not suffiaently resistant to moisture to per- 
mit successful use. Ceramic tile mounted 
upon such, even though well grouted, will in 
™.2^ 5™® come loose and the gypsum board 
will dismtegrate. due to penetration of 
moisture. Abo where the backing for the 
tite comprises ordinary plaster, the plaster 
wifl take up moisture from the tub or shower 
area and wiU disintegrate, permitting the 
tiles to come loosa 

Because of these difficulties due to mois- 
ture, m bathrooms, shower areas, kitchens 
or other areas where water is present, at 
laist at times, it is necessary in constructing 
the waDs to use a concrete base or other 
moisture resistant materiaL In the typical 
bathroom enclosure construction, metal 
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lathing is first applied over the studding. A 
scratch coat of portland cement plaster, is 
then applied and then after this is properly 
set another layer, that is the ground coat, 
5 of Portland cement plaster is applied. These 
steps must first be completed before the tUe 
can be installed. As a result the preparation 
work is excessive, strenuous, time consum- 
ing and the workman must frequently make 

10 two or three trips to the job before tile can 
be installed. 

An object of the present invention is to 
provide an inexpensive lightweight concrete 
panel that can be handled as any other buiki- 

15 ing panel. 

According to the presrait invention there 
is provided a nailable structural panel com- 
prising a core of li^tweight inorganic 
aggregate and hydraulic cement, a layer of 

20 reinforcing, non-water susceptible fibrous 
material on each of opposed major faces of 
said core, and a layer of bonding material 
containing at least 50% by volume in the 
diy state of hydrauh'c cement extending 

25 from said faces of the core through and 
effectively filling the openings in each fibrous 
layer so as to bond said layer to said core. 

According to a further aspect of the pre- 
sent invention there is provided a method of 

30 produdng a nailable structural panel com- 
prising laying down a first layer of remforc- 
mg non-water susceptible fibrous material, 
impregnatmg said fibrous layer with a first 
layer of bonding material containing at least 

35 50% by volume in the dry state of hydraulic 
cement, superimposing on said first layer 
of fibrous material and first bonding layer a 
core of lightweight, inorganki aggregate and 
hydraulic cement, applying a second layer 

40 of reinforcmg non-water susceptible fibrous 
material to me upper surface of said core, 
impregnating said second layer with a second 
layer of bonding material containing at least 
50% by volume in the dry state of hydraulic 

45 cement, said first and second bondmg layers 
serving to bond their respective fibrous 
layers to die core, and curing the composite 
siuipe. 

According to a further aspect of the 

50 present invention there is provided a method 
of producing a nailable structural panel com- 
prising forming a core of lightweight in- 
organic aggregate and hydraulic cement, 
applying a layer of reinforcmg, non-water 

55 susceptible fibrous material to each of 
opposed major faces of said core, and bond- 
ing each layer to said core by means of a 
layer of material containing at least 50% by 
volume in the dry state of hydraulic cement 

60 whereby the bonding material extends from 
said faces of the core through and effectively 
fills the openings in each fibrous layer. 

By virtue of the present invention, a pre- 
cast, thin, strong, flexible concrete panel 

65 can be employed with a high degree of 



success in the construction of shower 
enclosures, bathroom walls, bathroom 
floors, curtam walls, or swumning pools 
and surroundmg areas which may be 
exposed to moisture. In particular the panel 70 
is useful as a base for setting ceramic tile 
and the like. It is strong and lightweight so 
that it can be handled by workmen without 
danger of breaking. It can be sawed and is 
nailable so that it can be leadfly put up in 75 
place for wall construction. Thus where an 
enclosure around a shower or bathroom is 
to be tiled, these panels can be nailed m 
place and ready for application of a thin 
set mortar or mastic (used as a bonding 80 
agent for ceramic tile) and mstallation of 
the tOe, within twentj^ minutes to an hour 
after the workman arrives on the job. In the 
conventional method where the scratch coat 
and ground coat must be applied in separate 85 
layers, it may be hours or days before the 
area is ready for the actual tile installation. 
Ilius considerable savings in labour and in 
cost of construction can be achieved bv 
virtue of a precast panel in accordance with 90 
the invention. 

The panels required for such construction, 
in order to provide the lightest weight and 
minimize the load on the building should be 
fairly thin. For example, panels from i" to 95 
1" thick are typical of those normally re- 
quired. Light weight is also necessary in 
order to permit ease of handling paneb of 
laige size by the workman. 

The hydraulic cement bondmg layers not 100 
only penetrate the layers of fibre but also 
penetrate and fill the irregularities ui the 
racial boundary of the core as is more fully 
described later in the specification. 

Embodiments of the invention will now 105 
be described, by way of example, with refer- 
ence to the accompanying drawings in which: 

Fig. 1 is a partially cutaway front view of 
a rectangular panel; 

Fig. 2 is a diagrammatic cross-section 110 
through line 2—2 of Fig. 1 somewhat en- 
larged; 

Fig. 3 is a partially cutaway front view of 
a joint between adjacent panels; 

Fig. 4 is a sectional view showing one 115 
manner of fastening the panel to a wood 
frame where tiles have been previously 
cemented to the panel; 

Fig. 5 is a cross section of a portion of a 
panel showing in more detail the nature of 120 
the multi-layered structure: and 

Figs. 6 to 1 1 illustrate the manner of pre- 
casting my panel. 

In the accompanying drawings 1 repre- 
sents a precast concrete panel haying a core 125 
3 covered on its two opposing major surfaces 
by fibre layers 4 and 4* in the form of a 
mesh. Each fibre layer is strongly bonded 
to the core by a li^t ]mei 5 of bonding 
agent such as mortar, sufficient to penetrate 130 
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the interstices in the fibre layer and at least 
lightly cover the layer and also to provide 
intimate contact with the core. In Fig. 2 the 
thickness of the mesh 4 and also the thick- 
5 ness of the layer 5 of bonding agent is sub- 
stantially enlarged for purposes of illustra- 
tion; actually both are quite thin compared 
to the core. For example, a typical mesh 
layer such as woven glass fibre is approxi- 

10 mately 0.0125 inch thidc. The amoimt of 
mortar applied is such as to fill the inter- 
stices b^een the fibres or strands or mesh 
of the fibre layer and to cover the membrane 
so as to properly bond it to the core. Each 

15 and every strand need not necessarily be 
covered althou^ normally they are all 
lightly covered. 

Thus, in the preferred construction the 
bonding layer at each side of the panel ex- 

20 tends from the outer face of the mesh layer 
at that side, through the mesh layer and 
mto bonded engagement witii the core, filling 
voids, openings or surface irregularities of 
the latter to unify the entire panel into a 

25 relatively thin int^ted panel structure of 
high strength and light weight and which is 
not adversely afiected in the presence of 
moisture. 

The preferred embodiment uses for the 

30 skin membrane 4. 4\ a dass fibre mesh 
coated with a vinyl resin. Further and alter- 
native fibrous materials are set forth else- 
where in the specification. 
Fig. 3 illustrates a joint between adjacent 

35 panels 1, P wherein a joint reinforcing 
means such as an elongated strip of tape 8 
or of fibrous mesh overlies and straddles the 
adjacent edges 10. 10' of the panels. The 
mesh may be an elongated strip of the same 

40 material used for the mesh 4, 4* in the skin 
layer of the panel. The joint is completed hy 
filling die space between the panels and the 
mesh openings with thin set bonding agent 
12 e.g. mortar such as used to bond the 

45 ceramic tile to the panel. Preferably a layer 
of the thin set mortar is arranged to cover 
the reinforcing means, as shown as 12A in 
Fig. 3. 

Li Fig. 4 a prefabricated panel lA is pro- 

50 vided, having a layer of tiles 15 already 
attached with thin set cement 18 and grout 
17. The panel is attached to the structure 
(represented by the stud 14) by a layer 19 of 
any commercially available adhesive material 

55 such as epoxy resin cement. In this fadiion 
the aesthetic value of the panel lA is pre- 
served. Adjacent panels are connected in 
any suitable fashion, for example the edges 
of adjacent panels can be connected as 

60 illustrated in Fig. 3 whereby a single tile can 
overlay the joint, in which case the prefixed 
tiles are spaced about one-half a tile width 
from the edge of the adjoining panels. 
The core 3 is lightwei^t concrete made 

05 up of lightweight aggregiate 13 and hy- 



draulic cement. Such aggregates, exemplified 
by perlite and expanded slag, are cellular in 
nature, some of the cells being closed and 
some open; the proportion of cells varies 
with the difierent materials. As another 70 
means of reducing unit weight air-entraming 
cement is used. Vibratmg or tamping is 
used only sparingly and in most cases not at 
all. The core thus contains a number of 
voids and openings indicated at 16. For a 75 
core of low unit weight (as an example, 40 
to 70 pounds per cubic foot) both the open- 
ings between the aggregate particles (in- 
cluding entrained air) and the multitude of 
cells in the aggregate particles will con- 80 
tribute to the low density. At higher densities 
there will be fewer cells in the aggregate 
and fewer openmgs (voids) between the par- 
ticles in the core. 

In addition to use of lightweight aggre- 85 
gate and entrained air, the ratio of cement to 
aggregate desirably is controlled, i.e., the 
concrete mix is kept on the lean side, as 
compared to the bonding layer. The core 
mix for example, should preferably contain 90 
at least two parts by volume of aggregate 
to each volume of hydraulic cement; prefer- 
ably the mix should be 3:1 or 4:1. If the 
ratio of aggregate to hydraulic cement is less 
than 1.75:1 the core becomes dense and 95 
hard; it is no longer nailable. 

Cores havmg a unit weight not substan- 
tially exceeding approximately 120 to 130 
pounds^ per cubic foot are suitable for a 
panel in accordance with the invention; IQO 
best results are derived with cores in the 
range of 40 pounds to 110 pounds per cubic 
foot. In this weight range the panels are 
practical to handle in construction and the 
panels can be nailed easily without breaking 105 
even where nailing adjacent an edge is 
necessary. Such core slabs without unifica- 
tion wim the cooperative layers are quite 
weak and incapable of self support; for ex- 
ample, a one inch thidc slab four feet long, no 
could not be picked up from one end with- 
out breakmg. 

The production of the panels is shown 
step by step in Figs. 6 to 11. Into a form 20 
of a size of the desired panel, a layer of 115 
fibrous material 4 is laid. A slurry contain- 
ing hydraulic cement and of suitable 
consistency to permit penetration thereof 
through the openings in the fibrous layer 4 
(shown as a woven mesh) is applied, as 120 
from the traveling supply pipe 21. The 
amount of cement slurry introduced is suffi- 
cient to cover the fibrous layer completely 
so that substantially all the fibers are im- 
mersed or embedded; the slurry penetrates 125 
the openings in the fibrous layer and fills 
them so that the layer is enveloped on bodi 
sides. Normally this is only a light envelop- 
ment although an excess is sometunes needed 
where the aggregate in the core is large 130 
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and the boundary surface presented by the 
core is very rou^. 

In the next step the core mixture of 
aggregate and hydraulic cement is poured 
5 into the form; the water content is normally 
kept on the low side within the range for 
best strength development in the concrete. 
A typical mix is three volumes of light- 
weight aaeregate. one volume portland 

10 cement and three-fourths volume of water. 
The core mix is then rodded oflE flush with 
the top of the form, as shown in Fig. 9: at 
the top boundary of the core some depres- 
sions will usually be present due to die open- 

15 ings between aggregate particles, to voids 
from the air entrainment or other cause, re- 
sulting from the coarse nature of the core 
composition. 
A layer of fibrous material 4* is laid over 

20 the top as die next step, Ffe. 10. actud 
practice the upper surface of core 3 is flush 
with the top edges of form 20. and not re- 
cessed as shown in Fig. 10. The thickness of 
the fibre layer 4^ ordinarily is so slight that 

25 it does not add materially to the thickness of 
the core. 

The last layer 5^ of hydrauLc cement 
slurry is poured over the fibrous layer 4* 
from traveling supply pipe 21. or applied by 

30 other suitable means. The slurry penetrates 
the openings in the fibrous layer and also 
into the voids, openings or surface irregulari- 
ties at the upper boundary surface of core 3. 
Sufficient slurry is deposited to penetrate and 

35 fill the openings and voids m the core sur- 
face, to fill the openmgs in the fibrous layer 
and to lightly cover the fibrous layer, or at 
least be tma with its outer surface: it is 
then rodded or other wise leveled oft The 

40 fibrous layer is nonnally kept as close to the 
ultunate surface of the finished panel as 
possible inasmuch as the maximum benefit 
and greatest strength is thereby realized 
from the fibres. . . 

45 After the composite panel is prepared it is 
left in the form 20 for suflScient time to 
eflfect initial cure, or complete cure if 
desired: the use of a plastics film covering 
to retain moisture or the use of steam 

50 curing is advantageous. 

Fig. 5 shows further details; the core con- 
tains openings (voids) 16 as well as light- 
weieht aggregate 13. Both layers 5^ and 5 
are "quite thin relative to the core (although 

55 exaagerated in Fig. 5). Of the two the top 
layer 5* is somewhat thicker; due to gravity 
the fluids in the core mix tend to drain away 
from die top surface of core 3 leaving open- 
ings and depressions. Hence slightly more 

60 slurry is needed to form the layer 5^ than 
layer 5. The aggregate particles on the 
bottom will tend to conform to the bonding 
layer 5. under the weight of the core and 
other layers. 

65 The li^tweight core of itself is inadequate 



to bond the re-infordng fibrous layers suffi- 
ciently to form an integral structure. Thus, 
the concrete mixes employed to gain low 
daisity. nailability and other desirable 
characteristics do not afford means for bond- 70 
ing. While the core mixes employed are in 
the range of conventional concretes (that is. 
approximately 2 volumes of aggregate to 
one volume of hydraulic cement) such mixes 
are so lean in cement for purposes of bond- 75 
ing surface webs that even though the fibrous 
layers 5 and 5^ are pressed into intimate 
contact wifli the core, this is not 
sufficient The areas of contact are 
generally so limited that the bond between 80 
the two is poor: also, in such a case, 
after curing the fibrous layers tend 
to de-laminate very readily and will not 
provide die necessary support for the core. 

The strong structure of the presoit inven- 85 
tion. by way of comparison, is further under- 
stood from a study of Fig. 5. The aggregate 
particles tend to protrude outward from die 
boundary surfaces of the core presenting 
peaks or hi^ spots. Contact of the fibrous 90 
layer v/ith the core thus is limited to small 
areas at these points. This limited contact, 
plus the fact that the cement present Is tied 
up in aggregate-to-aggregate bonding, pre- 
cludes adequate bonding of the fibrous layers 95 
by tihe core mix itself. However, I have 
found that the fibrous layers can be effec- 
tively cemented to and fully integrated with 
the core by use of a hydraulic cement slurry 
relatively rich in cement. While such cement 100 
is of relatively high density, in and of itself, 
the amount required to fill the mesh open- 
ings as well as the core openings or surface 
irregularities is, relatively, so small that the 
desired overall low weight of the panel is 105 
obtamed. Li the finished panel the core 
serves as a spacer between the fibrous layers 
and the two bonded fibrous layers function 
to accommodate tension and compression 
forces. The slurries employed are rich in 110 
cement relative to die core; neat cement is 
preferred but mixtures containing very fine 
aggregate, up to 50% by volume, are very 
suitable. Fineness of the aggregate must be 
such as to permit the slurry to penetrate the 115 
openings of the fibrous layer. 

The bonding layer rich in cement not only 
sei-ves to tenaciously bond the fibrous laj^er 
to the core, but also in combination with 
the fibrous layer provides a hard, durable, 120 
wear-resistant surface for the panel. The 
composite surface functions well to receive 
ceramic tile, paint or other surface cover- 
ings; it also serves to protect the core and 
permits use of the panel as a weatherproof 125 
exterior panel such as in construction of 
curtain walls, swimming pools and the like. 

Tlie panel is further characterized by five 
doisity zones; or three density zones in the 
sense that since the bonding layers 5 and 5' 130 
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are generaUy the same or of equivalent struo 
ture, while the same fibrous layer is norm- 
aUy used at 4 and 4' although not limited 
to such. Thus, the surface layer is of rela- 
tively high density; the hydraulic cemait 
layers 5 and 5\ either neat or containing 
some very fine aggregate (such as fine sand 
or fine expanded slag) usually have a unit 
weight ranging between 110 pounds per 
cubic foot and 145 pounds per cubic foof 
joj^ certain mixes the weight may be slightly 

The material in the fibrous layers (2) 
and (4) ranges between a specific gravity of 
1.14 for nylon. 2.55 for glass fibres. 2.7 for 
alummium, through 7.5 for steel. Since the 
fibrous layer normally is a woven mesh or 
of sunilar make-up and the thickness used is 
very low (for example, 0.0125) its density is 
not critical. Specific gravity will be depen- 
dent upon the high strengfli non-water- 
suscepticle fibre employed. 

The core layer as previously described 
comprises a low density concrete having a 
unit weight between 40 and 110 pounds per 
cubic foot, preferred range. 

In order to afford nailability the type of 
hghtweight aggregate and the ratio of cement 
to aggregate are inter-related. Where a weak 
material such as expanded perlite or ver- 
miculite is employed, the ratio of cement to 
aggregate may be as high as 1:2. A rich 
mix is desirable in order that the cement 
offsets the loss in strength that otherwise 
would be suffered because of the low 
strength of the aggregate. When the aggre- 
gate it relatively strong, for example, ex- 
panded cellular blast furnace slag, less 
cement may and preferably should be em- 
ployed. A ratio of 1 part cement to 1 75 
parts of such slag aggregate produces a panel 
which IS relatively dense, and on the border 
hne for nailability. With the slag aggregate 
the ratio can be as low as 1:6; however 
with a leaner mix than this the panel will be 
too low m strength. Preferred range is be- 
tween 1 :2 and 1 : 4. 

Air entraining cements, as well as con- 
voitional cement are desirable since they 
assist in achieving low density while retain- 
mg adequate strength. 

My panel thus comprises a surface layer 
on the opposed faces rich in cement and of 
high strength, yet relatively thin, whereas the 
core IS relatively low in cement, low in den- 
sity and readily penetrable by nails, screws 
and other fasteners. While the surface layer 
is strong and hard, its thinness permits a nail 
to be driven through the panel without pre- 
dnlling and without breaking, even when 
nailed ahnost at the very edge. In a typical 
pre-cast panel i inch thick, the bottom kyer 
willaverage V.^ inch thick, while the upper 
surface layer wiU be Vic inch to V. inch on 
the average. In contrast the core mix com- 
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prises ttie balance of the thickness, by far 
the major portion. My wall panels can be 
produced in varying thicknesses depending 
upon end use; i". f. ¥'. i" and 1" arl 
representative thicknesses. For flooring, roof 
if^i applications considerably 

thicker panels are formed, for example. 2" 
thick. 

The following combination is employed 
m my panel; a core of lightweight 
ceuular materials and hydrauUc cement with 
voids and openings present, of low density 
and only moderate strength, bounded on 
^di of its two major faces by high-strength 
fibrous material. efiEectively bonded to die 
core by a relatively high density layer of 
hydrauhc cem«it whidh extends through 
the interstices of the fibrous layers and mto 
intunate contact with the core, penetrating 
the voids and OTcnings present in the surface 
of the core. TTie result is a multiple-layer 
unitary structural panel in which the sole 
cementitious bonding agent is hydraulic 
cement 

By this combination I have produced a 
commercially successful precast concrete 
panel which is both lightweight (specific 
gravity between about 1.1 and 1.8) and high 
in strength Furthermore, the panel is not 
adversely affected by water and can be used 
in wet environments, including raterior ap- 
^ T*^u completely non-flammable. 

While the invention has beai described 
with respect to substantially flat panels for 
use as inside building walls, other embodi- loO 
ments and uses are comprehended. The 
panels of the invention have many other 
apphcations. for example, curved comer 
members, and other shapes, with or without 
ceramic tiles are contemplated, as are pre- los 
fabricated structures embodying such panels 
such as shower stalls, vanitories, telephone 
booths, patio blocks, waterproof membranes 
imder toilets to take the place of marble 
slabs and stainless steel sheets now used in iin 
bathrooms. Also, the panels can be used 
outside to construct swimmmg pools usmg 
It desired ceramic tile and/or synthetic resiiu 
such as epoxy resin coatmgs. as surfaces 
tor beauty and/or waterproofing. 

My invention is further illustrated by the 
followmg examples. 

Example I 
A precast panel 36" wide. 64" long and 
i thick was formed as follows. Into a 120 
form 36"X64"Xi". lined with polyethylene 
film is first placed a 36"x64" sheet of 8x8 
mesh woven glass fibre. Over this was ap- 
plied a thin slurry of portland cemeait and 
hne (minus 25 U.S. mesh) expanded blast 125 
furnace slag aggregate ("AmUte*' sold by the 
Amencan Materials Corp.) in the ratio of 
one part by volume of portland cement and 
one part by volume of fine aggt^te. Only 
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sufficient of this bonding slurry was applied 
to cover the layer of glass fibre and to fall 
the interstices. Over this was poured sidti- 
cient wet mix concrete to fill tlie form. 1 he 
5 mix comprised 25 parts by weight of cellular 
aggregate formed from expanded blast fur- 
nace slag. 4 parts by wei^it of perlite. 15 
parts by weiaht portland cement and suffi- 
cient water fabout 12 parts by weight)to 
10 provide adequate forking properties. Ihe 
excess concrete mix was rodded off to the 
level of the form to give a smooth surface. 
Over this was laid another 36" X 64 ' sec- 
tion of 8X8 mesh woven glass fibre. A layer 
15 of the same bonding agent, portland cement 
and fine expanded slag aggregate slurry, v/as 
applied in sufficient amount to completely 
cover the glass fibre and fill in the inter- 
stices. A layer of polyethylene fi™ wis laid 
20 over the surface for purposes of holamg the 
moisture. After curing for 24 hours the 
panel was removed from the form and 
carried without danger of cracking. 
Panels prepared in the above manner are 
25 especially suitable for the construcUon of 
the surrounding enclosure of a bathtub. IM 
panels may be cut by scoring with a knife 
to cut through the fibrous skin membrane 
and broken at tlie score line, then sevenng 
30 the other membrane. These panels break 
cleanly at the score, requiring no sawmg, 
although they may be sawed readily as with 
a coarse abrasive wheel The panels are 
then nailed in place on studding. A 2 tape 
35 of glass fibre me* may be applied over the 
joints between the abutttog panels and a 
thin slurry of "thin set porfland cement 
applied to cover the glass fibre tape and 
bond it in place. The tWn set cement mortar 
40 is described in detail in U.S. Patent 2.820.713; 
this was developed by the Tile Council of 
America and is now extensively used for the 
installation of ceramic tile and the like. For 
example, within one hour after starting to 
45 cut the precast reinforced panels, the en- 
dosute was ready for the next operation. 
Ceramic tile was applied with thin set port- 
land cement mortar. In a representative in- 
stallation after several months of use there 
50 was no mdication of loosening of the tile 
from the wall or break down of the panel 
itself as tested by manually poundmg the 
wall. The ^ass fibre mesh used was a 
woven screening made from glass fibre yams 
coated with polyvinyl chloride resin. 

The cured 36"x64"x i" panel weighed 
approximately 57 pounds; actual thickness 
after curing was somewhat less than {- mch. 
The two sheets of glass fibre incorporated 
60 weighed in total 0.56 pound, or about 1%. 
Tn normal manufacture by the method 
heretofore described the panel after curing 
more than a week has a compressive strength 
in the range of 860 to 1250 p.s.i.. tensile 
65 strength on the average of 328 p.S4. and 



flexural strength between 900 and 1100 p.s.i. 
Specific gravity of a section of the panel 
was 1.4 (87.5 lbs/cu.ft.) after 28 days cunng. 
During production of the panel some of the 

core mix was separately poured to form a 70 
test block; also a test block was poured 
of the bonding agent. The core mix had a 
unit weight of 69 lbs/cu.ft and tiie bondmg 
agent a^mit weight of 125 lbs/cu.ft. both 
after 28 days curing. A test section of the 75 
panel when subjected to a moisture stabihty 
St for 580 hours had about a 10% ^ in 
weidit; there was no dimensional change. 
It was not affected when subjected to treez- 
ins tests. The coefficient of linear thermal 80 
expansion was found to be 2.4X10-' mch 
pCT inch per degree Centigrade, average 

Example n 
A concrete panel 24" wide and 36 long 85 
was prepared in the same manner as the 
panel in Example I. In this case, however 
Se reinforcing membrane was a woven saran 
fvinylidene chloride resm) fabnc loXi'f 
meSi. The surface bonding material and 90 
concrete slurry used for the core were the 
same as in Example I. The cured panel had 
a hidi strength and showed no resistance to 
cracking or breaking when handled sudi as 
by lifting from one end. 95 

Example in 

A panel was formed by the same pro- 
cedure described in Example I but in this 
case was 1" thick. Accordingly the ]ig or 
form had a 1" depth instead of Y'- Mesh loO 
was 18X14 U.S. The slurry in this case for 
bonding the glass-fibre mesh comprised one 
bucket of dry portland cement and one 
bucket of fine (minus 16 sieve) ceUular 
aggregate from blast furnace slag (Amhte). 105 
The slurry for the core in this case was a 
4 - 1 mix prepared in the ratio of one bucfcet 
expanded^ blast furnace slag (danap but tree 
flowing), one bucket perlite, one-half bucket 
Portland cement and one-half bucket water, no 
Specific gravity of a section of the panel 
was 1.4 (88 lbs/cu.ft); the core mix test 
block weighed 70 lbs/cu.ft. while the bod- 
ing agent test block weighed 125 lbs/cu.tt., 
all after 28 days curing. 115 

A child's swimming pool 6'x8'xl8" was 
formed by excavating the earth to a suitable 
depth. The bottom was then fiUed with 
sand and leveled. Panels made according to 
this Example III were laid as a floonng, 
and others were cut to form the side walls. 
The joints were then taped with glass fibre 
18X14 U.S. mesh and bonded in place with 
a layer of thin set portland cement moiter 
applied in sufficient quantity to fill m the U3 
interstices and completely cover the mesh 
This swimming pool showed no signs ot 
water loss, cracking or deterioration of tbe 
surface when filled with water and used as a 



1,162.518 



7 



swimming pool for children without empty- 
ing for more than two months. 

Example IV 
A panel J"x36"x64" was formed ac- 

5 cording to the procedure described in Ex- 
ample I. except for the following details. 
The reinforcing membrane for both surfaces 
was an 18x14 U.S. mesh, vinyl coated glass 
fibre. The core mix was made up in the pro- 

10 portion of 3 buckets of expanded cellular 
aggregate from blast furnace slag, 1 bucket 
of air entraining type portland cement, i- 
bucket of lime and about | bucket of water. 
The slurry employed to bond the membrane 

15 was prepared from portland cement and 
expanded blast furnace slag (minus 25 U.S. 
mesh) in the ratio of one bucket to one 
bucket. After curing one week it withstood 
the weight of two men (totaling more than 

20 300 pounds) resting of supports 20" apart. 
The panel weighed about 70 pounds; the 
glass fibre incoiporated wd^ed about 1^ 
pounds. 

Example V 

25 A panel was formed according to the pro- 
cedure described in Example I. except for 
the following details. The fibrous layer was 
a 0.016" thick 18x14 mesh vinyl coated 
glass fibre screening (Fibreglas screening 

30 from Owens-Corning Fiberglas Corp.). The 
core mix was made up of three volumes of 
perlite aggregate and 1 part of air entraining 
type Portland cement; the bonding agent 
slurry contained 1 volume of expanded blast 

35 furnace slag (minus 25 U.S. mesh) and 1 
volume of portland cement. Strength was 
adequate to permit handling and use as a 
building panel, although the core was not as 
strong as with an Amlite core. The panel 

40 was commercially satisfactory. 

This panel was quite light weight; a sec- 
tion showed a specific gravity of 1.2 (75 
lbs/cu.ft.). The core had a unit wei^t of 
44 lbs/cu.ft. and the bonding agent had a 

45 unit weigjit of 125 lbs/cu.ft., all values being 
after curing at least 28 days. 

Example VI 
The panel produced was the same as that 
in Example V, except that the core mix 

50 comprised IJ volumes of perlite, 1 J volumes 
of Amlite aggregate and 1 volume of air 
entraining type portland cement, and the 
bonding agent comprised 1 volume of fine 
sand (minus 35 mesh) and 1 volume of 

55 Portland cement. Unit weights after curing 
were, panel — 88 lbs/cu.ft., core— 75 lbs/cu.ft., 
and bonding agent — 131 Ibs/cu.ft. Quality of 
the panel was good. By replacing 50% of 
the perlite with Amlite. a stronger sounder 

60 panel was obtained but with some increase 
in weight over the panel in Example V. 

Example VII 
The panel produced was the same as that 



in Example V, except that the core mix 
comprised 3 volumes of Amlite aggregate 65 
and 1 voliune of air entraining type portland 
cement, and the bonding agent comprised 
neat portland cement with no aggregate. 
Unit weights after curmg were, panel— 116 
Ibs/caft, core— 108 lbs/cu.ft., and bonding 70 
agent— 119 lbs/cu.ft. The panel was strong 
though still somewhat flexible (as were also 
the panels of Examples V and VJ). How- 
ever, the weight increased further. 

Example VEH 75 
The panel produced was the same as that 
in Example V except that the core mix 
comprised 1 volume of perlite, 6 volumes of 
expanded blast furnace skg and 4 volumes 
of air entraining type portland cement, 80 
while the bonding agent comprised 1 volume 
of fine expanded blast furnace slag and 1 
volume of air entraining portland cement. 
Unit wei^ts were, panel— 106 lbs/cu.ft 
(sp.gr. 1.7). core— 100 Ibs/cuJEt. and bondma 85 
agent— 125 lbs/cu.ft. ^ 
In making up the bonding agent, the 
amount of water required will vary depend- 
ing upon whether fine aggregate is added, 
and its condition. With straight portland 90 
cement about i volume of water is used for 
each volume of cement: with mixtures of 
fine aggregate and cement somewhat more 
water may be required to impart proper flow 
properties. 

The aggregates suitable for my invention 
are those normally used for lightweight con- 
crete. The lightweight aggregates include 
materials such as the expanded cellular blast 
furnace slag, perlite and other volcanic 100 
glasses, expanded vermiculite, pumice, di- 
atomaceous earth and expanded shale. 'Per- 
lite and vermiculite do not afford the struc- 
tural strength that some of the other light- 
weight aggregates produce. Expanded shale 105 
IS not as desirable because the panel cannot 
be as readily cut or nailed. 

The cements used for forming the con- 
crete are of the hydraulic type. Conventional 
Portland cements of the various types, such no 
as alumina cements, natural and possolanic 
cements, cements containing air entraining 
agents such as the resin derivative sold under 
me name "Vinsol" and the thin set cements 
developed by the Tile Councfl of America, tis 
are typical. 

The material used for the remfoicing 
membrane is a high strength, low moisture 
pick-up fibre. Examples of materials which 
I have used are woven glass fibre mesh, 120 
glass fibre scrim, nylon mesh, polyester fibre 
(Dacron brand sold by DuPont) mesh, and 
saran (vinylidene chloride resin). Other suit- 
able synthetic fibres are the monacrylic, 
polyethylene, polypropylene and fluorocar- 125 
bon fibres. Metallic fibres can also be used 
such as aluminum or steel, where strand size 
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pennits suitable flexibility and strength. 
These fibres are characterized as being non- 
water-susceptible, that is, having a low water 
absorption and being substantially unaffected 
5 by water and moist conditions, and retaining 
a substantial portion of its strength. 

Non-woven reinforcing membranes can 
also be used; these include ^eets. mats or 
webs of random laid glass fibres, metallic 
10 fibres or synthetic fibres, having suf3cient 
porosity or opepness, i.e. perviousness, to 
permit penetration of the bonding agoat 
through the membrane. The membranes must 
not only have good tensile strength, with fibre 
15 strength of at least 30.000 p.s.i., but must 
withstand compression, as where a panel is 
flexed setting up bodi tension and com- 
pression forces. 
Where a woven fabric Is employed the 
20 mesh size can vary, starting with the 4x4 
U.S. where strand size is heavy. However, a 
4x4 scrim is not desirable because it is too 
flunsy and the panel strength borders on 
ibe unacceptable side. It is preferred to use 
25 at least 7x7 U.S. mesh. Tfie finer meshes, 
such as 18x14 US. and above, are better, 
adding more strength, although they increase 
the cost somewhat. Tlie glass fibre reinforc- 
ing material is preferably the continuous 
30 yam type coated with polyvinyl diloride 
resins, asphalt or other coatings viuch pre- 
vent scratching where fibres cross with a 
resultant loss m strength: the coatings also 
protect the fibres against the alkalinity of the 
35 concrete mix. The mesh size is selected 
according to the strength desired, and also in 
keeping with the bonding material; the 
openings should be sufficiently large to facili- 
tate flow of the bonding cement trough the 
40 material and into good contact with the core. 
The bonding material for securing the 
skin membrane to the core is a hydraulic 
cement, preferably a portland cement or a 
modified portland conent such as the thm 
45 set type described in U.S. Patent No. 
2,820,713 and those formed by mixing port- 
land cement with the butadiene-styrene latex, 
for example, that sold under the brand name 
"Laticrete" by the Naugatuck Chemical 
50 Division of U.S. Rubber Co. Neat portland 
cement gives the best results although it may 
be desirable in some cases to add a very fine 
aggregate in order to reduce the cost. Very 
fine fightweight aggregate (minus 16 U.S. 
55 sieve, or finer) is desired. Similarly other 
aggregate fines, including sand, can be used. 
While the examples describe the bonding of 
the reinforcing membrane to the core at the 
time the core is formed, as a convraiient 
60 method of operation, the membrane can 
also be applied as a separate step. The core 
can be formed by casting in a form or by 
extrusion, cured or partially cured, as on a 
conveyor, and the membrane then applied 
65 with a suitable bonding agent. 



In particular I have found that a ieinforc> 
ing skin of glass fibre bonded to the two 
major faces of the core with a portland 
cement mortar has special properties. The 
resultant precast panel has unusual strength 70 
yet is flexible to permit accommodation to 
studding that it not perfectly in line, the 
surfoce layers of the panel adhere strongly 
without cracking or flddng. the panel is not 
adversely affected water and more lilcely 75 
is improved by moisture, it forms a strong 
member for use as the surface itself as well 
as a both indoor and outdoor base^ and is 
completely mildew resistant. The glass fibre, 
Portland cement, and aggregate become an 80 
integral, monolithic structure of low cost, 
yet hi^ strength. It has previously been 
proposed to utilize glass fibres in panels, as 
in U.S. Patait No. 2.712.512. However, in 
the prior art large amounts of glass fibre 85 
have been required. The glass fiber moreover 
is the most expensive constituent, since, as 
18X14 U.S. woven mesh, it costs in the 
nei^borhood of $1.20 per pound, against 
$0.01 to $0.02 per pound for portland 90 
cement. 

I have found that by employing the re- 
inforcing membrane immediately at the sur- 
face, only a small amount of reinforcing 
material is required. From 1% to 2% by 95 
weight of woven glass fibre me^ in a panel 
will impart more than suflBcient strength to 
produce strong wall structures and to permit 
handling without cracking or breaking. For 
certain purposes, where a coarse mesh, such 100 
as 8x8 will afford the necessary flexibility 
and strength, less than one percent of glass 
fibre on the total weight of the panel is 
employed. With the finer meshes such as 
18X14 U.S., the percent by weight is about 105 
2%. Similarly with other reinforcing non- 
woven membranes and meshes, for example 
"Dacron" (Registered Trade Mark) mesh, 
less than three percent by weight on the 
panel is required. 110 

The panels of this invention are suitable 
for use as curtain walls since, in addition to 
bemg strong and lightweight, they do not 
transmit moisture and have very low mois- 
ture pickup. Thus, they are not adversely 115 
affected by cold weather and freezing. They 
permit the application of ceramic tile for 
exterior finishes as well as for interior. 

WHAT I CLAIM IS:— 

1. A nailable structural panel comprising 120 
a core of li^tweight, faiorganic aggregate 
and hydraulic cement, a layer of reinforcing, 
non-water susceptible fibrous material on 
each of opposed major faces of said core, 
and a layer of bonding material containing 125 
at least 50% by volume in the dry state of 
hydraulic cement extending from said faces 
of the core through and effectively fillmg the 
openings in each fibrous layer so as to bond 
said layer to said core. 130 
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2. A panel as claimed in claim 1, in 
which the ratio of aggregate to cement in the 
core IS at least 1.75:1 by volume. 
. 3. A panel as claimed in claim 1 or 2, 
5 in which the core has a unit weight of less 
than 110 pounds per cubic foot. 

4. A panel as claimed in claim 1 or 2, 
in y/tuch the core has a multiplicity of voids 
and cells and an average unit weight not 
10 substantially exceeding 130 pounds per cubic 
foot and each bonding layer is substantially 
thinner than the core, is relatively low in 
voids, and has a high unit weight relative to 
the core. 

15 5. A panel as daimed hi any preceding 
claim, hi whiA the fibrous material is glass 
fibre. 

A panel as claimed in claim 5. in 
which the glass fibre is in the form of a 
20 woven mesh of coated glass fibre yam. 
_ 7. A panel as claimed in claim 6, where- 
m the mesh is coated with a potyvinyl resin. 

8. A pane] as claimed in any preceding 
claim, in which the hydraulic cement in both 

25 the core and in the bonding layers is Port- 
land cement. 

9. A structure compiismg a plurality of 
panels as claimed in any of claims 1 to 8. 

10. A method of producing a nailable 
rtructural panel comprising laying down a 
flwt layer of reinforcing non-water suscep- 
tible fibrous material, hnpregnating said 
fibrous layer with a first layer of bonding 
material containing at least 50% by volume 

35 in the dry state of hydraulic cement, super- 
imposing on said first layer of fibrous ma- 
terial and first bonding layer a core of li^t- 
wdgiht. inorganic aggregate and hydraulic 



cement, applying a second layer of reinforc- 
ing non-water susceptible fibrous material to 40 
the upper surface of said core, impregnating 
said second layer with a second layer of 
bonding material containing at least 50% 
hydraulic cement, said first and second bond- 
ing layers serving to bond their respective 45 
fibrous layers to the core, and curing the 
composite shape. 

11. A method of jproducing a nailable 
structural panel comprising forming a core 

of lightweight inorganic aggregate and hy- 50 
draulic cement, applying a layer of reinforc- 
mg non-water susceptible fibrous material to 
each of opposed major faces of said core, 
and bonding each layer to said core by 
means of a layer of material containing at 55 
least 50% by volume in tiie dry state of 
hydraulic cement whereby the bonding ma- 
terial extends from said faces of the core 
through and effectively fills the opoiings in 
each fibrous layer. 

12. A nailable structural panel substan- 
tially as hereinbefore described witii refer- 
ee to any of the foi^omg Examples I to 

13. A method of producing a nailable 
structural panel substantially as hereinbefore 
described witii reference to any of the fore- 
going Examples I to Vin, 

CRUIKSHANK & FAIRWEATHER, 
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